OBJECTIVE. Wrist buckle fractures are a frequent reason for emergency department visits. Although textbooks recommend 2 to 4 weeks of immobilization in a short arm cast, management varies. Treatment with both casts and splints is common, and length of immobilization varies. The objective was to determine if children with distal radius and/or ulna buckle fractures treated with a removable splint have better physical functioning than those treated with a short arm cast for 3 weeks.
B UCKLE FRACTURES OF the distal radius and ulna are a common form of wrist fracture in children and a frequent reason for emergency department visits. When a child sustains a buckle fracture, the bony cortex is compressed on one side and the opposite cortex remains intact.
Although standard orthopedic texts suggest 2 to 4 weeks of treatment in a short arm cast, 1,2 a recent crossCanada survey of pediatric emergency physicians and pediatric orthopedic surgeons found variability in both the type and length of immobilization and in the belief in need for immobilization. 3 Although North American preference seems to be casts for immobilization, 1, 3, 4 several studies from Britain have suggested that treatment with splints is more common. [5] [6] [7] Immobilization with a splint seems to be well tolerated. [5] [6] [7] One study compared 3 weeks of continuous immobilization with a splint to the 3 weeks with a cast but did not examine in detail the effect of such management on a child's daily physical functioning. 6 Although no studies have been published examining the impact of casting on a patient's quality of life, it is not unreasonable to assume that a cast results in limited mobility and, if not truly necessary for injury management, results in unnecessary morbidity. No study has compared the use of a removable splint (ie, removed at patient's discretion) to casting in this patient population. Furthermore, the need for follow-up for cast removal represents a burden to the family, as well as the health care system. The objective of this study was to compare the daily physical functioning of children with buckle fractures of the distal radius and/or ulna who are treated with a removable splint to those treated with a cast.
METHODS

Study Design
This randomized, controlled trial compared the physical functioning of children with wrist buckle fractures treated with removable splinting to those treated with short arm casts.
Study Setting and Population
This trial was performed between August 2002 and September 2003 at the Children's Hospital of Eastern Ontario, an academic, tertiary care children's hospital in Ottawa, Ontario, Canada with an annual emergency department (ED) census of 55 000/year. Children aged 6 to 15 years were eligible for inclusion if they presented to the ED with a buckle fracture of the distal radius or ulna. A buckle fracture was defined as compression of the bony cortex with the opposite cortex intact and confirmed by a pediatric radiologist. Children who had another fracture of the same limb requiring immobilization, fractures of both wrists, evidence of metabolic bone disease, a language barrier, or who lived outside the hospital catchment area were not included. Written, informed consent and assent was obtained from parents and patients. Our institutional research board approved this study.
Study Protocol
Children were randomly assigned to receive either a short arm (below elbow) plaster cast or an individually fitted plaster splint (composed of 12 plaster layers) that attached with a tensor bandage. A plaster splint was chosen instead of a preformed commercially available splint to reflect the reality of available materials at many hospitals. The randomization sequence was computergenerated with a block size of 4. Initially, a Web-based allocation program was used for group allocation. However, because of problems with timely access to the program, sealed opaque envelopes containing the group assignment were used from November 2003 onward. The research assistant accessed either the Web-based allocation program or used the next envelope to determine to which group the patient was assigned. After random assignment, baseline data and study measurements were recorded. The intervention was applied by the research assistant or by the ED medical staff (and monitored by the research assistant). The emergency physician who referred the patient to the study made the initial diagnosis of buckle fracture. Research assistants were available 12 to 16 hours/day. Some patients were recruited when a pediatric radiologist was not available to immediately review the patient films (eg, on weekends and evenings), but all of the radiographs were reviewed by a pediatric radiologist within 24 hours. We decided a priori to withdraw patients from the study who were subsequently determined to have a fracture other than a buckle fracture. Among these patients, those who had been randomly assigned to a cast remained in a cast, whereas those who were randomly assigned to a splint had their treatment changed to a cast.
Patients in the splint group were given verbal and written instructions to use the splint for comfort only, remove as desired for activities, and discontinue completely when desired. Patients in the cast group were given the usual verbal and written cast-care instructions (eg, avoid getting wet, etc). All of the patients were instructed to avoid contact sports (such as competitive hockey) until clinic follow-up. Children and their parents were given study materials to complete at home on days 7, 14, 20, and 28 postinjury. A brief reminder phone call was made 1 day before the day of data collection. The research assistant making the telephone follow-up calls was not blinded to the group intervention, because they needed to ask about splint usage depending on patient group assignment. Families were then contacted by phone on days 7, 14, 20, and 28 to collect the child's Activities Scales for Kids performance version (ASKp) answers, report of the child's difficulty with daily living and sporting activities, amount of splint use, and difficulties with cast or splint. All of the families were also provided with stamped, self-addressed envelopes to return the study materials in an effort to minimize lost data. All of the patients were asked to return to the orthopedic clinic at 21 days after injury for assessment and cast removal. At 6 months, families were contacted by phone (and hospital charts reviewed) to determine refractures.
Measurements
Baseline measurements at the time of enrollment included age, gender, mechanism of injury, hand dominance, pain score, and ASKp score. Baseline ASKp was determined by having the child consider their activities in the few days before sustaining their fracture.
The primary outcome measure was the ASKp at 14 days. The ASKp is a validated, self-report measurement of childhood physical disability, includes the perspective of children, was developed specifically for children with physical limitations because of musculoskeletal disorders, and has excellent reliability. 8 The ASKp is scored out of 100 with a higher score reflecting higher physical functioning. The original ASKp consists of 30 questions and examines the child's physical functioning in the week before completing the questions. For this study, we used a slightly modified version of the ASKp. It included 8 extra questions (added by the original developer of the ASKp) that captured functioning specifically related to the upper extremity, and the questions asked about activities in the previous "few days" rather than previous week. We chose ASKp at day 14 postinjury, because we believed that by this time children with buckle fractures might have minimal or no pain. As a result, we anticipated that children in the splinting group might be using their splint less and have better functioning than those in the cast group. Because previous studies have shown that the median ASKp score correlates well with global level of disability, this score was felt to be more meaningful to clinicians than change in ASKp score. When children are considered to have normal functioning, the median ASKp score is 95 and children with mild, moderate, and severe levels of disability have median ASKp scores of 90, 59, and 26, respectively. 8, 9 Other outcomes included ASKp score at days 7, 20, and 28 postinjury; change from baseline in ASKp at days 7, 14, 20, and 28; pain; ability to perform daily and sporting activities throughout the study; length of splint use; parent and child satisfaction at day 28; and refracture at 6 months. Pain was measured by using a visual analog scale (VAS, a 100-mm line anchored at one end with a label stating "no pain" and at the other end a label stating "worst pain"). The clinically important change for a VAS is considered to range from 10 to 15. [10] [11] [12] Ability to perform daily activities was measured using a 4-point Likert scale. Children (or their parents for younger children) were asked to rate their level of difficulty as none, mild, moderate, and severe in 5 areas of daily activities (printing/writing, drawing, feeding themselves, grooming [such as brushing hair/dressing], and bathing/showering). Participants were asked whether or not they had returned to their normal sporting activities by days 7, 14, 20, and 28. Those in the splint group were asked to describe their splint usage using a 4-point Likert scale (always, most of the time, some of the time, and not at all) and, if relevant, the date that they had last used their splint.
Sample Size
Because ϳ30 points separate the median ASKp scores for children with disability classification of mild, moderate, and severe, 8, 9 a minimal clinically important difference of 15 was chosen to avoid missing significant differences between groups. Moreover, an earlier study suggested that patients with casted upper extremity fractures would score in the moderate disability range. 13 Therefore, sample-size calculations were based on the following assumptions: (1) to detect a difference of 15 units on the ASKp scale; (2) SD of 24 units 8 ; (3) 2-sided test; and (4) a power of 80% and false-positive (type I error) rate of 0.05. With these assumptions, the sample size was 81 children, to which we added 15% for potential loss to follow-up, for a sample size of 113 children. 14 
Statistical Analysis
Because of skewness of the data, a nonparametric Wilcoxon Mann-Whitney test was used to compare ASKp and pain scores at days 7, 14, 20, and 28 postinjury. Study groups were compared for change from baseline of the ASKp scores using the Student t test. The difference in ordered categorical outcomes, such as ability to perform daily activities (rated on a Likert scale), was assessed with Wilcoxon Mann-Whitney test. Fisher's exact tests were used to contrast the 2 study groups in terms of the child's capacity to return to his/her normal playing and sporting activities at days 7, 14, 20, and 28. All of the reported P values are 2-sided and were declared statistically significant when they reached P ϭ 0.05. All of the patients entered in the study as per protocol were included in this analysis. 15 All of the data were analyzed by using SPSS 12 (SPSS Inc, Chicago, IL).
A priori planned subgroups were used to examine the effect of hand dominance and fracture severity on outcome. A minor fracture was defined as visible only on the lateral or anterior-posterior radiograph, whereas a moderate fracture was defined as visible on both lateral and anterior-posterior views. Statistical analyses of the subgroups were conducted as they were for the perprotocol analysis. However, we only looked at ASKp scores and change from baseline of ASKp scores, both of which were measured at days 7, 14, 20, and 28.
RESULTS
Patient Recruitment and Baseline Characteristics
Two hundred twelve children were diagnosed by the ED physicians with wrist buckle fractures during the time the study nurses were available, and 113 were randomly assigned (Fig 1) . Eighty-seven children were included in the final analysis. Enrolled patients were similar in both the splint and the cast groups with respect to age, gender, mechanism of injury, dominant hand injured, bone fractured, baseline ASKp score, and VAS score (Table 1) .
ASKp and Pain Scores
ASKp scores, pain scores, and differences in scores with their 95% confidence intervals 16 are presented in Table  2 . Patients in the splint group had a significantly higher ASKp score at day 14 postinjury than the cast group (P ϭ .041). ASKp score was not significantly different between the groups for days 7, 20, and 28 postinjury. The change in ASKp score from baseline was significantly different at days 14 and 20 postinjury between the splint and cast group, with the splint group showing better functioning than the cast group. There was no significant difference in VAS score between groups at any time during the study.
Ability to Perform Daily Activities and Sporting/Physical Play Activities
Splinted children had significantly less difficulty with bathing and showering at days 7, 14, and 20 postinjury than casted children (P Ͻ .001). Splinted children also had less difficulty with printing/writing (P ϭ .005), drawing (P ϭ .005), and grooming (P ϭ 0.023) at day 20, although these differences do not remain significant after Bonferroni adjustment for multiple testing. There were no other significant differences between groups at days 7, 14, 20, and 28. These results are given in detail in Table 3 . More children in the splinted group were able to return to their regular sporting/physical play activities by days 20 and 28 postinjury (18 of 25 vs 13 of 32 [P ϭ .031] and 25 of 26 vs 23of 34 [P ϭ .008], respectively).
FIGURE 1
Flow of patients through the study. a One child withdrew immediately after random assignment, 2 children withdrew within 24 hours, and 1 withdrew at day 7. Of the 2 children who withdrew within 24 hours, the families did not have problems with the splints but after enrolling decided that they did not want to participate in the study. The child who withdrew at day 7 reported no problems with the splint but no longer wished to participate in the trial follow-up. b Patient for whom no follow-up is available. a All patients with an ulna fracture also had an associated radius fracture.
Complications
Five children in the cast group returned to the ED for problems with their casts (4 returned for wet casts and 1 had placed a pencil under the cast). No children in the splint group returned to the ED for problems with their splint. At 6 months, telephone follow-up was available for 34 patients in the splint group and 41 in the cast group. No family reported that their child had a refracture. We also reviewed all of the enrolled patient hospital charts at 6 months, and no refractures were documented.
Length of Immobilization and Satisfaction
Children in the splint group wore their splints for at least some part of the day/night for an average of 13.7 days (SD Ϯ 6.0). Children were also asked to describe their splint use, and continuous use of the splint rapidly declined (Fig 2) . Parents and children were asked at day 28 if they would prefer a cast or splint in the future for the same injury (assuming both were equally safe and effective). Of 21 children responding in the splint group, 20 (95%) preferred a splint, whereas 17 (85%) of 20 parents preferred a splint. Of 23 children in the cast group, 18 (78%) preferred a splint, whereas 13 (52%) of 25 parents preferred a splint.
Subgroup Analysis
Groups were analyzed according to dominant/nondominant hand injured and degree of fracture. However, given the subgroup nature of these analyses, results should be interpreted with caution and are limited by the small sample of each subgroup. 17 When children had their nondominant hand injured, significantly higher changes from baseline in ASKp score were found in the splinting group compared with the casting group at days 14 (P ϭ .006), 20 (P ϭ .028), and 28 (P ϭ .028). No other significant differences were found. When subgroups were created based on severity of injury, children in the minor-injury subgroup and randomly assigned to the splint group were found to have a better ASKp score at day 14 (P ϭ .047). A significantly different change from baseline in ASKp score between the study groups was also found at days 14 and 20 for participants in the moderate injury group (P ϭ .027 and P ϭ .017, respectively), with those in the splint group having better functioning. No other significant differences were found.
DISCUSSION
Buckle fractures of the wrist are common injuries among children, yet little has been published regarding their treatment or outcomes. North American preference seems to be casts for immobilization, 1,3,4 but several studies from the United Kingdom have suggested that treatment with splints is common. [5] [6] [7] Our study, the first to compare in detail the functioning of children with wrist buckle fractures treated with a removable splint to a cast, has shown that splinted children have better physical functioning, less difficulty with many activities, are able to return to sports sooner, and suffer no significantly greater pain. Although the overall difference between splint and cast groups in the primary outcome (ASKp score at day 14) was not large, it does reflect a significant difference in function. Specifically, the children in the splint group had close to "normal" ASKp scores at day 14, whereas those in the cast group had scores that correlate with mild disability. 8, 9 Furthermore, at all of the time points, the splinted children had less difficulty with bathing and returned to sports sooner. We found that children treated with splints wear them (for some point during the day) on average for 14 days. Interestingly, even by day 7 postinjury, only 15% report wearing them all day and night. It seems that for many children with wrist buckle fractures, 3 weeks of constant immobilization is not necessary. As well, there was no clinically significant difference between the groups with regard to pain at any time point.
Our result is similar to another study that compared children managed with casts versus continuously used splints and found that at 3 weeks there seemed to be no difference in clinical or radiologic outcome. 6 However, this study did not give any sample-size calculation, did not give good definitions of the outcome measures, and was inadequately randomized. In another study, 87 patients were treated with splints, with half removing at home at 3 weeks and half removing in clinic at 3 weeks. 5 In that study, all of the parents preferred to remove the splint at home. A third study reported on a cohort of children treated with fiberglass splint and found that the majority of parents were satisfied with this treatment. 7 Interestingly, a common theme in these studies, 5, 6 and in our study, is that a number of patients are lost to follow-up in their cast or splint. Presumably these patients remove their cast or splint at home. Although the outcome is obviously unknown for these patients, we suggest that it is unlikely they had significant pain or functional limitation, or they would have returned for orthopedic or ED follow-up.
Subsequent ED and follow-up visits certainly add to health care costs and are time consuming for the patient and their family. We found that 5 patients (10%) in the cast group had unscheduled return visits to the ED for problems, which is similar to our retrospective cohort study of children with wrist buckle fractures in which 12% of casted patients returned to the ED for problems. 18 Although the children in our study were seen in clinic at 3 weeks postinjury, such a visit would not be necessary if the child is functioning well and does not require cast removal. Of course, it is always possible that some families may wish to seek reassurance regarding their child's fracture and schedule a follow-up visit. Such visits could be managed by primary care providers, and the resultant cost to the health care system for these visits would still be less than those for cast removal or follow-up with an orthopedic surgeon.
FIGURE 2
Splint usage throughout the study period.
